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(ii) For which application is made for
an acoustical change approval, for air-
planes which have a standard air-
worthiness certificate after the change
in the type design, and that do not
have any flight time in the changed
configuration before January 1, 1980.

(b) For airplanes covered by this sec-
tion an operating limitation reading as
follows must be furnished in the man-
ner prescribed in §36.1581:

Noise abatement: This airplane has not
been shown to comply with the noise limits
in FAR Part 36 and must be operated in ac-
cordance with the noise operating limitation
prescribed under FAR §91.815.

[Amdt. 36-11, 45 FR 67066, Oct. 9, 1980. Redes-
ignated by Amdt. 36-14, 53 FR 3540, Feb. 5,
1988; Amdt. 36-18, 54 FR 34330, Aug. 18, 1989]

APPENDIX A TO PART 36—AIRCRAFT
NOISE MEASUREMENT AND EVALUA-
TION UNDER §36.101

Sec.

A36.1 Introduction.

A36.2 Noise Certification Test and Measure-
ment Conditions.

A36.3 Measurement of Airplane Noise Received
on the Ground.

A36.4 Cualculations of Effective Perceived Noise
Level From Measured Data.

A36.5 Reporting of Data to the FAA.

A36.6 Nomenclature: Symbols and Units.

A36.7 Sound Attenuation in Air.

A36.8 [Reserved]

A36.9 Adjustment of Airplane Flight Test Re-
sults.

Section A36.1 Introduction

A36.1.1 This appendix prescribes the con-
ditions under which airplane noise certifi-
cation tests must be conducted and states
the measurement procedures that must be
used to measure airplane noise. The proce-
dures that must be used to determine the
noise evaluation quantity designated as ef-
fective perceived noise level, EPNL, under
§§36.101 and 36.803 are also stated.

A36.1.2 The instructions and procedures
given are intended to ensure uniformity dur-
ing compliance tests and to permit compari-
son between tests of various types of air-
planes conducted in various geographical lo-
cations.

A36.1.3 A complete list of symbols and
units, the mathematical formulation of per-
ceived noisiness, a procedure for determining
atmospheric attenuation of sound, and de-
tailed procedures for correcting noise levels
from non-reference to reference conditions
are included in this appendix.

A36.1.4 For Stage 4 airplanes, an accept-
able alternate for noise measurement and
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evaluation is Appendix 2 to the International
Civil Aviation Organization (ICAO) Annex 16,
Environmental Protection, Volume I, Air-
craft Noise, Third Edition, July 1993, Amend-
ment 7, effective March 21, 2002. [Incor-
porated by reference, see §36.6].

Section A36.2 Noise Certification Test and
Measurement Conditions

A36.2.1 General.

A36.2.1.1 This section prescribes the con-
ditions under which noise certification must
be conducted and the measurement proce-
dures that must be used.

NoTE: Many noise certifications involve
only minor changes to the airplane type de-
sign. The resulting changes in noise can
often be established reliably without resort-
ing to a complete test as outlined in this ap-
pendix. For this reason, the FAA permits the
use of approved equivalent procedures. There
are also equivalent procedures that may be
used in full certification tests, in the inter-
est of reducing costs and providing reliable
results. Guidance material on the use of
equivalent procedures in the noise certifi-
cation of subsonic jet and propeller-driven
large airplanes is provided in the current ad-
visory circular for this part.

A36.2.2 Test environment.

A36.2.2.1 Locations for measuring noise
from an airplane in flight must be sur-
rounded by relatively flat terrain having no
excessive sound absorption characteristics
such as might be caused by thick, matted, or
tall grass, shrubs, or wooded areas. No ob-
structions that significantly influence the
sound field from the airplane must exist
within a conical space above the point on the
ground vertically below the microphone, the
cone being defined by an axis normal to the
ground and by a half-angle 80° from this axis.

NOTE: Those people carrying out the meas-
urements could themselves constitute such
obstruction.

A36.2.2.2 The tests must be carried out
under the following atmospheric conditions.

(a) No precipitation;

(b) Ambient air temperature not above 95
°F (35 °C) and not below 14 °F (—10 °C), and
relative humidity not above 95% and not
below 20% over the whole noise path between
a point 33 ft (10 m) above the ground and the
airplane;

NOTE: Care should be taken to ensure that
the noise measuring, airplane flight path
tracking, and meteorological instrumenta-
tion are also operated within their specific
environmental limitations.

(c) Relative humidity and ambient tem-
perature over the whole noise path between
a point 33 ft (10 m) above the ground and the
airplane such that the sound attenuation in
the one-third octave band centered on 8 kHz
will not be more than 12 dB/100 m unless:
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(1) The dew point and dry bulb tempera-
tures are measured with a device which is ac-
curate to £0.9 °F (0.5 °C) and used to obtain
relative humidity; in addition layered sec-
tions of the atmosphere are used as described
in section A36.2.2.3 to compute equivalent
weighted sound attenuations in each one-
third octave band; or

(2) The peak noy values at the time of
PNLT, after adjustment to reference condi-
tions, occur at frequencies less than or equal
to 400 Hz.;

(d) If the atmospheric absorption coeffi-
cients vary over the PNLTM sound propaga-
tion path by more than #1.6 dB/1000 ft (0.5
dB/100m) in the 3150Hz one-third octave band
from the value of the absorption coefficient
derived from the meteorological measure-
ment obtained at 33 ft (10 m) above the sur-
face, ‘‘layered’” sections of the atmosphere
must be used as described in section A36.2.2.3
to compute equivalent weighted sound at-
tenuations in each one-third octave band;
the FAA will determine whether a sufficient
number of layered sections have been used.
For each measurement, where multiple
layering is not required, equivalent sound at-
tenuations in each one-third octave band
must be determined by averaging the atmos-
pheric absorption coefficients for each such
band at 33 ft (10 m) above ground level, and
at the flight level of the airplane at the time
of PNLTM, for each measurement;

(e) Average wind velocity 33 ft (10 m) above
ground may not exceed 12 knots and the
crosswind velocity for the airplane may not
exceed 7 knots. The average wind velocity
must be determined using a 30-second aver-
aging period spanning the 10 dB-down time
interval. Maximum wind velocity 33 ft (10 m)
above ground is not to exceed 15 knots and
the crosswind velocity is not to exceed 10
knots during the 10 dB-down time interval;

(f) No anomalous meteorological or wind
conditions that would significantly affect
the measured noise levels when the noise is
recorded at the measuring points specified
by the FAA; and

(g) Meteorological measurements must be
obtained within 30 minutes of each noise test
measurement; meteorological data must be
interpolated to actual times of each noise
measurement.

A36.2.2.3 When a multiple layering cal-
culation is required by section A36.2.2.2(c) or
A36.2.2.2(d) the atmosphere between the air-
plane and 33 ft (10 m) above the ground must
be divided into layers of equal depth. The
depth of the layers must be set to not more
than the depth of the narrowest layer across
which the variation in the atmospheric ab-
sorption coefficient of the 3150 Hz one-third
octave band is not greater than +1.6 dB/1000
ft (0.5 dB/100m), with a minimum layer
depth of 100 ft (30 m). This requirement must
be met for the propagation path at PNLTM.
The mean of the values of the atmospheric
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absorption coefficients at the top and bot-
tom of each layer may be used to charac-
terize the absorption properties of each
layer.

A36.2.2.4 The airport control tower or an-
other facility must be aproved by the FAA
for use as the central location at which
measurements of atmospheric parameters
are representative of those conditions exist-
ing over the geographical area in which noise
measurements are made.

A36.2.3 Flight path measurement.

A36.2.3.1 The airplane height and lateral
position relative to the flight track must be
determined by a method independent of nor-
mal flight instrumentation such as radar
tracking, theodolite triangulation, or photo-
graphic scaling techniques, to be approved
by the FAA.

A36.2.3.2 The airplane position along the
flight path must be related to the noise re-
corded at the noise measurement locations
by means of synchronizing signals over a dis-
tance sufficient to assure adequate data dur-
ing the period that the noise is within 10 dB
of the maximum value of PNLT.

A36.2.3.3 Position and performance data
required to make the adjustments referred to
in section A36.9 of this appendix must be
automatically recorded at an approved sam-
pling rate. Measuring equipment must be ap-
proved by the FAA.

Section A36.3 Measurement of Airplane Noise
Received on the Ground

A36.3.1 Definitions.

For the purposes of section A36.3 the fol-
lowing definitions apply:

A36.3.1.1 Measurement system means the
combination of instruments used for the
measurement of sound pressure levels, in-
cluding a sound calibrator, windscreen,
microphone system, signal recording and
conditioning devices, and one-third octave
band analysis system.

NOTE: Practical installations may include
a number of microphone systems, the out-
puts from which are recorded simultaneously
by a multi-channel recording/analysis device
via signal conditioners, as appropriate. For
the purpose of this section, each complete
measurement channel is considered to be a
measurement system to which the require-
ments apply accordingly.

A36.3.1.2 Microphone system means the
components of the measurement system
which produce an electrical output signal in
response to a sound pressure input signal,
and which generally include a microphone, a
preamplifier, extension cables, and other de-
vices as necessary.

A36.3.1.3 Sound incidence angle means in
degrees, an angle between the principal axis
of the microphone, as defined in IEC 61094-3
and IEC 610944, as amended and a line from
the sound source to the center of the dia-
phragm of the microphone.
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NOTE: When the sound incidence angle is
0°, the sound is said to be received at the
microphone at ‘‘normal (perpendicular) inci-
dence;”” when the sound incidence angle is
90°, the sound is said to be received at ‘‘graz-
ing incidence.”

A36.3.1.4 Reference direction means, in de-
grees, the direction of sound incidence speci-
fied by the manufacturer of the microphone,
relative to a sound incidence angle of 0°, for
which the free-field sensitivity level of the
microphone system is within specified toler-
ance limits.

A36.3.1.5 Free-field sensitivity of a micro-
phone system means, in volts per Pascal, for
a sinusoidal plane progressive sound wave of
specified frequency, at a specified sound inci-
dence angle, the quotient of the root mean
square voltage at the output of a microphone
system and the root mean square sound pres-
sure that would exist at the position of the
microphone in its absence.

A36.3.1.6 Free-field sensitivity level of a
microphone system means, in decibels, twenty
times the logarithm to the base ten of the
ratio of the free-field sensitivity of a micro-
phone system and the reference sensitivity
of one volt per Pascal.

NOTE: The free-field sensitivity level of a
microphone system may be determined by
subtracting the sound pressure level (in deci-
bels re 20 pPa) of the sound incident on the
microphone from the voltage level (in deci-
bels re 1 V) at the output of the microphone
system, and adding 93.98 dB to the result.

A36.3.1.7 Time-average band sound pressure
level means in decibels, ten times the loga-
rithm to the base ten, of the ratio of the
time mean square of the instantaneous
sound pressure during a stated time interval
and in a specified one-third octave band, to
the square of the reference sound pressure of
20 uPa.

A36.3.1.8 Level range means, in decibels, an
operating range determined by the setting of
the controls that are provided in a measure-
ment system for the recording and one-third
octave band analysis of a sound pressure sig-
nal. The upper boundary associated with any
particular level range must be rounded to
the nearest decibel.

A36.3.1.9 Calibration sound pressure level
means, in decibels, the sound pressure level
produced, under reference environmental
conditions, in the cavity of the coupler of
the sound calibrator that is used to deter-
mine the overall acoustical sensitivity of a
measurement system.

A36.3.1.10 Reference level range means, in
decibels, the level range for determining the
acoustical sensitivity of the measurement
system and containing the calibration sound
pressure level.

A36.3.1.11 Calibration check frequency
means, in hertz, the nominal frequency of
the sinusoidal sound pressure signal pro-
duced by the sound calibrator.
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A36.3.1.12 Level difference means, in deci-
bels, for any mnominal one-third octave
midband frequency, the output signal level
measured on any level range minus the level
of the corresponding electrical input signal.

A36.3.1.13 Reference level difference means,
in decibels, for a stated frequency, the level
difference measured on a level range for an
electrical input signal corresponding to the
calibration sound pressure level, adjusted as
appropriate, for the level range.

A36.3.1.14 Level non-linearity means, in
decibels, the level difference measured on
any level range, at a stated one-third octave
nominal midband frequency, minus the cor-
responding reference level difference, all
input and output signals being relative to
the same reference quantity.

A36.3.1.15 Linear operating range means, in
decibels, for a stated level range and fre-
quency, the range of levels of steady sinus-
oidal electrical signals applied to the input
of the entire measurement system, exclusive
of the microphone but including the micro-
phone preamplifier and any other signal-con-
ditioning elements that are considered to be
part of the microphone system, extending
from a lower to an upper boundary, over
which the level non-linearity is within speci-
fied tolerance limits.

NOTE: Microphone extension cables as con-
figured in the field need not be included for
the linear operating range determination.

A36.3.1.16 Windscreen insertion loss means,
in decibels, at a stated nominal one-third oc-
tave midband frequency, and for a stated
sound incidence angle on the inserted micro-
phone, the indicated sound pressure level
without the windscreen installed around the
microphone minus the sound pressure level
with the windscreen installed.

A36.3.2 Reference environmental conditions.

A36.3.2.1 The reference environmental
conditions for specifying the performance of
a measurement system are:

(a) Air temperature 73.4 °F (23 °C);

(b) Static air pressure 101.325 kPa; and

(c¢) Relative humidity 50%.

A36.3.3. General.

NOTE: Measurements of aircraft noise that
are made using instruments that conform to
the specifications of this section will yield
one-third octave band sound pressure levels
as a function of time. These one-third octave
band levels are to be used for the calculation
of effective perceived noise level as described
in section A36.4.

A36.3.3.1 The measurement system must
consist of equipment approved by the FAA
and equivalent to the following:

(a) A windscreen (See A36.3.4.);

(b) A microphone system (See A36.3.5):

(c) A recording and reproducing system to
store the measured aircraft noise signals for
subsequent analysis (see A36.3.6);

(d) A one-third octave band analysis sys-
tem (see A36.3.7); and
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(e) Calibration systems to maintain the
acoustical sensitivity of the above systems
within specified tolerance limits (see
A36.3.8).

A36.3.3.2. For any component of the meas-
urement system that converts an analog sig-
nal to digital form, such conversion must be
performed so that the levels of any possible
aliases or artifacts of the digitization proc-
ess will be less than the upper boundary of
the linear operating range by at least 50 dB
at any frequency less than 12.5 kHz. The
sampling rate must be at least 28 kHz. An
anti-aliasing filter must be included before
the digitization process.

A36.3.4 Windscreen.

A36.3.4.1 In the absence of wind and for si-
nusoidal sounds at grazing incidence, the in-
sertion loss caused by the windscreen of a
stated type installed around the microphone
must not exceed £1.5 dB at nominal one-third
octave midband frequencies from 50 Hz to 10
kHz inclusive.

A36.3.5 Microphone system.

A36.3.5.1 The microphone system must
meet the specifications in sections A36.3.5.2
to A36.3.5.4. Various microphone systems
may be approved by the FAA on the basis of
demonstrated equivalent overall
electroacoustical performance. Where two or
more microphone systems of the same type
are used, demonstration that at least one
system conforms to the specifications in full
is sufficient to demonstrate conformance.

NOTE: An applicant must still calibrate
and check each system as required in section
A36.3.9.
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A36.3.5.2 The microphone must be mount-
ed with the sensing element 4 ft (1.2 m) above
the local ground surface and must be ori-
ented for grazing incidence, i.e., with the
sensing element substantially in the plane
defined by the predicted reference flight path
of the aircraft and the measuring station.
The microphone mounting arrangement
must minimize the interference of the sup-
ports with the sound to be measured. Figure
A36-1 illustrates sound incidence angles on a
microphone.

A36.3.5.3 The free-field sensitivity level of
the microphone and preamplifier in the ref-
erence direction, at frequencies over at least
the range of one-third-octave nominal
midband frequencies from 50 Hz to 5 kHz in-
clusive, must be within £1.0 dB of that at the
calibration check frequency, and within £2.0
dB for nominal midband frequencies of 6.3
kHz, 8 kHz and 10 kHz.

A36.3.5.4 For sinusoidal sound waves at
each one-third octave nominal midband fre-
quency over the range from 50 Hz to 10 kHz
inclusive, the free-field sensitivity levels of
the microphone system at sound incidence
angles of 30°, 60°, 90°, 120° and 150°, must not
differ from the free-field sensitivity level at
a sound incidence angle of 0° (‘‘normal inci-
dence’) by more than the values shown in
Table A36-1. The free-field sensitivity level
differences at sound incidence angles be-
tween any two adjacent sound incidence an-
gles in Table A36-1 must not exceed the tol-
erance limit for the greater angle.
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+30°

0° Normal Incidence

Sensing Element

90° Grazing Incidence

Figure A36-1: Illustration of sound incidence angles on a microphone

120°

180°

Nominal midband | Maximum difference between the free-field sensitivity level of a microphone system at
frequency kHz | 1ormal incidence and the free-field sensitivity level at specified sound incidence angles
dB
Sound Incidence angle
degrees
30 60 90 120 150
0.05to0 1.6 0.5 0.5 1.0 1.0 1.0
2.0 0.5 0.5 1.0 1.0 1.0
2.5 0.5 0.5 1.0 1.5 1.5
3.15 0.5 1.0 1.5 2.0 2.0
4.0 0.5 1.0 2.0 25 25
5.0 0.5 15 2.5 3.0 3.0
6.3 1.0 2.0 3.0 4.0 4.0
8.0 1.5 2.5 4.0 5.5 5.5
10.0 2.0 3.5 5.5 6.5 7.5
Table A36-1 Microphone Directional Response Requirements

A36.3.6 Recording and reproducing systems.

A36.3.6.1 A recording and reproducing sys-
tem, such as a digital or analog magnetic
tape recorder, a computer-based system or
other permanent data storage device, must
be used to store sound pressure signals for
subsequent analysis. The sound produced by
the aircraft must be recorded in such a way
that a record of the complete acoustical sig-
nal is retained. The recording and reproduc-
ing systems must meet the specifications in
sections A36.3.6.2 to A36.3.6.9 at the recording
speeds and/or data sampling rates used for
the noise certification tests. Conformance
must be demonstrated for the frequency
bandwidths and recording channels selected
for the tests.

A36.3.6.2 The recording and reproducing
systems must be calibrated as described in
section A36.3.9.

(a) For aircraft noise signals for which the
high frequency spectral levels decrease rap-
idly with increasing frequency, appropriate
pre-emphasis and complementary de-empha-
sis networks may be included in the meas-
urement system. If pre-emphasis is included,

over the range of nominal one-third octave
midband frequencies from 800 Hz to 10 kHz
inclusive, the electrical gain provided by the
pre-emphasis network must not exceed 20 dB
relative to the gain at 800 Hz.

A36.3.6.3 For steady sinusoidal electrical
signals applied to the input of the entire
measurement system including all parts of
the microphone system except the micro-
phone at a selected signal level within 5 dB
of that corresponding to the calibration
sound pressure level on the reference level
range, the time-average signal level indi-
cated by the readout device at any one-third
octave nominal midband frequency from 50
Hz to 10 kHz inclusive must be within +1.5 dB
of that at the calibration check frequency.
The frequency response of a measurement
system, which includes components that
convert analog signals to digital form, must
be within #0.3 dB of the response at 10 kHz
over the frequency range from 10 kHz to 11.2
kHz.

NoOTE: Microphone extension cables as con-
figured in the field need not be included for
the frequency response determination. This
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allowance does not eliminate the require-
ment of including microphone extension ca-
bles when performing the pink noise record-
ing in section A36.3.9.5.

A36.3.6.4 For analog tape recordings, the
amplitude fluctuations of a 1 kHz sinusoidal
signal recorded within 5 dB of the level cor-
responding to the calibration sound pressure
level must not vary by more than +0.5 dB
throughout any reel of the type of magnetic
tape used. Conformance to this requirement
must be demonstrated using a device that
has time-averaging properties equivalent to
those of the spectrum analyzer.

A36.3.6.5 For all appropriate level ranges
and for steady sinusoidal electrical signals
applied to the input of the measurement sys-
tem, including all parts of the microphone
system except the microphone, at one-third-
octave nominal midband frequencies of 50
Hz, 1 kHz and 10 kHz, and the calibration
check frequency, if it is not one of these fre-
quencies, the level non-linearity must not
exceed 0.5 dB for a linear operating range of
at least 50 dB below the upper boundary of
the level range.

NoOTE 1: Level linearity of measurement
system components may be tested according
to the methods described in IEC 61265 as
amended.

NOTE 2: Microphone extension cables con-
figured in the field need not be included for
the level linearity determination.

A36.3.6.6 On the reference level range, the
level corresonding to the calibration sound
pressure level must be at least 5 dB, but no
more than 30 dB less than the upper bound-
ary of the level range.

A36.3.6.7 The linear operating ranges on
adjacent level ranges must overlap by at
least 50 dB minus the change in attenuation
introduced by a change in the level range
controls.

NoOTE: It is possible for a measurement sys-
tem to have level range controls that permit
attenuation changes of either 10 dB or 1 dB,
for example. With 10 dB steps, the minimum
overlap required would be 40 dB, and with 1
dB steps the minimum overlap would be 49
dB.

A36.3.6.8 An overload indicator must be
included in the recording and reproducing
systems so that an overload indication will
occur during an overload condition on any
relevant level range.

A36.3.6.9 Attenuators included in the
measurement gsystem to permit range
changes must operate in known intervals of
decibel steps.

A36.3.7 Analysis systems.

A36.3.7.1 The analysis system must con-
form to the specifications in sections
A36.3.7.2 to A36.3.7.7 for the frequency
bandwidths, channel configurations and gain
settings used for analysis.

A36.3.7.2 The output of the analysis system
must consist of one-third octave band sound
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pressure levels as a function of time, ob-
tained by processing the noise signals (pref-
erably recorded) through an analysis system
with the following characteristics:

(a) A set of 24 one-third octave band filters,
or their equivalent, having nominal midband
frequencies from 50 Hz to 10 kHz inclusive;

(b) Response and averaging properties in
which, in principle, the output from any one-
third octave filter band is squared, averaged
and displayed or stored as time-averaged
sound pressure levels;

(c) The interval between successive sound
pressure level samples must be 500 ms +5 mil-
liseconds(ms) for spectral analysis with or
without slow time-weighting, as defined in
section A36.3.7.4;

(d) For those analysis systems that do not
process the sound pressure signals during the
period of time required for readout and/or re-
setting of the analyzer, the loss of data must
not exceed a duration of 5 ms; and

(e) The analysis system must operate in
real time from 50 Hz through at least 12 kHz
inclusive. This requirement applies to all op-
erating channels of a multi-channel spectral
analysis system.

A36.3.7.3 The minimum standard for the
one-third octave band analysis system is the
class 2 electrical performance requirements
of TEC 61260 as amended, over the range of
one-third octave nominal midband fre-
quencies from 50 Hz through 10 kHz inclu-
sive.

NoTE: IEC 61260 specifies procedures for
testing of one-third octave band analysis
systems for relative attenuation, anti-
aliasing filters, real time operation, level
linearity, and filter integrated response (ef-
fective bandwidth).

A36.3.7.4 When slow time averaging is per-
formed in the analyzer, the response of the
one-third octave band analysis system to a
sudden onset or interruption of a constant
sinusoidal signal at the respective one-third
octave nominal midband frequency, must be
measured at sampling instants 0.5, 1, 1.5 and
2 seconds(s) after the onset and 0.5 and 1s
after interruption. The rising response must
be —4 +1 dB at 0.5, —1.75 £0.75 dB at 1s, —1
+0.5 dB at 1.5s and —0.5 £0.5 dB at 2s relative
to the steady-state level. The falling re-
sponse must be such that the sum of the out-
put signal levels, relative to the initial
steady-state level, and the corresponding ris-
ing response reading is —6.5 +1 dB, at both 0.5
and 1s. At subsequent times the sum of the
rising and falling responses must be —7.5 dB
or less. This equates to an exponential aver-
aging process (slow time-weighting) with a
nominal 1s time constant (i.e., 2s averaging
time).

A36.3.7.5 When the one-third octave band
sound pressure levels are determined from
the output of the analyzer without slow
time-weighting, slow time-weighting must
be simulated in the subsequent processing.
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Simulated slow time-weighted sound pres-

sure levels can be obtained using a contin-

uous exponential averaging process by the

following equation:

L, (i,k)=10 log [(0.60653) 1001 Lsli
(0.39347) 1001 L G. 0]

where Lg(i,k) is the simulated slow time-
weighted sound pressure level and L(i,k) is
the as-measured 0.5s time average sound
pressure level determined from the output
of the analyzer for the k-th instant of time
and i-th one-third octave band. For k=1,
the slow time-weighted sound pressure
L[i, (k—1=0)] on the right hand side should
be set to 0 dB. An approximation of the
continuous exponential averaging is rep-
resented by the following equation for a
four sample averaging process for k >4:

Ls (1,k)=10 log [(0.13) 100 LL.G=31 + (0.21) 100!

Ll k=21 + (0.27) 1001 Ll =D + (0.39) 1001 Ll
K]

k=Dl +

where L (i, k) is the simulated slow time-

weighted sound pressure level and L (i, k)

is the as measured 0.5s time average sound

pressure level determined from the output
of the analyzer for the k-th instant of time
and the i-th one-third octave band.

The sum of the weighting factors is 1.0 in
the two equations. Sound pressure levels cal-
culated by means of either equation are valid
for the sixth and subsequent 0.5s data sam-
ples, or for times greater than 2.5s after ini-
tiation of data analysis.

NOTE: The coefficients in the two equa-
tions were calculated for use in determining
equivalent slow time-weighted sound pres-
sure levels from samples of 0.5s time average
sound pressure levels. The equations do not
work with data samples where the averaging
time differs from 0.5s.

A36.3.7.6 The instant in time by which a
slow time-weighted sound pressure level is
characterized must be 0.75s earlier than the
actual readout time.

NoOTE: The definition of this instant in
time is needed to correlate the recorded
noise with the aircraft position when the
noise was emitted and takes into account
the averaging period of the slow time-
weighting. For each 0.5 second data record
this instant in time may also be identified as
1.25 seconds after the start of the associated
2 second averaging period.

A36.3.7.7 The resolution of the sound pres-
sure levels, both displayed and stored, must
be 0.1 dB or finer.

A36.3.8 Calibration systems.

A36.3.8.1 The acoustical sensitivity of the
measurement system must be determined
using a sound calibrator generating a known
sound pressure level at a known frequency.
The minimum standard for the sound cali-
brator is the class 1L requirements of IEC
60942 as amended.

A36.3.9 Calibration and checking of system.
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A36.3.9.1 Calibration and checking of the
measurement system and its constituent
components must be carried out to the satis-
faction of the FAA by the methods specified
in sections A36.3.9.2 through A36.3.9.10. The
calibration adjustments, including those for
environmental effects on sound calibrator
output level, must be reported to the FAA
and applied to the measured one-third-oc-
tave sound pressure levels determined from
the output of the analyzer. Data collected
during an overload indication are invalid and
may not be used. If the overload condition
occurred during recording, the associated
test data are invalid, whereas if the overload
occurred during analysis, the analysis must
be repeated with reduced sensitivity to
eliminate the overload.

A36.3.9.2 The free-field frequency response
of the microphone system may be deter-
mined by use of an electrostatic actuator in
combination with manufacturer’s data or by
tests in an anechoic free-field facility. The
correction for frequency response must be
determined within 90 days of each test series.
The correction for non-uniform frequency re-
sponse of the microphone system must be re-
ported to the FAA and applied to the meas-
ured one-third octave band sound pressure
levels determined from the output of the an-
alyzer.

A36.3.9.3 When the angles of incidence of
sound emitted from the aircraft are within
+30° of grazing incidence at the microphone
(see Figure A36-1), a single set of free-field
corrections based on grazing incidence is
considered sufficient for correction of direc-
tional response effects. For other cases, the
angle of incidence for each 0.5 second sample
must be determined and applied for the cor-
rection of incidence effects.

A36.3.9.4 For analog magnetic tape re-
corders, each reel of magnetic tape must
carry at least 30 seconds of pink random or
pseudo-random noise at its beginning and
end. Data obtained from analog tape-re-
corded signals will be accepted as reliable
only if level differences in the 10 kHz one-
third-octave-band are not more than 0.75 dB
for the signals recorded at the beginning and
end.

A36.3.9.5 The frequency response of the
entire measurement system while deployed
in the field during the test series, exclusive
of the microphone, must be determined at a
level within 5 dB of the level corresponding
to the calibration sound pressure level on
the level range used during the tests for each
one-third octave nominal midband frequency
from 50 Hz to 10 kHz inclusive, utilizing pink
random or pseudo-random noise. Within six
months of each test series the output of the
noise generator must be determined by a
method traceable to the U.S. National Insti-
tute of Standards and Technology or to an
equivalent national standards laboratory as
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determined by the FAA. Changes in the rel-
ative output from the previous calibration at
each one-third octave band may not exceed
0.2 dB. The correction for frequency response
must be reported to the FAA and applied to
the measured one-third octave sound pres-
sure levels determined from the output of
the analyzer.

A36.3.9.6 The performance of switched at-
tenuators in the equipment used during
noise certification measurements and cali-
bration must be checked within six months
of each test series to ensure that the max-
imum error does not exceed 0.1 dB.

A36.3.9.7 The sound pressure level pro-
duced in the cavity of the coupler of the
sound calibrator must be calculated for the
test environmental conditions using the
manufacturer’s supplied information on the
influence of atmospheric air pressure and
temperature. This sound pressure level is
used to establish the acoustical sensitivity
of the measurement system. Within six
months of each test series the output of the
sound calibrator must be determined by a
method traceable to the U.S. National Insti-
tute of Standards and Technology or to an
equivalent national standards laboratory as
determined by the FAA. Changes in output
from the previous calibration must not ex-
ceed 0.2 dB.

A36.3.9.8 Sufficient sound pressure level
calibrations must be made during each test
day to ensure that the acoustical sensitivity
of the measurement system is known at the
prevailing environmental conditions cor-
responding with each test series. The dif-
ference between the acoustical sensitivity
levels recorded immediately before and im-
mediately after each test series on each day
may not exceed 0.5 dB. The 0.5 dB limit ap-
plies after any atmospheric pressure correc-
tions have been determined for the cali-
brator output level. The arithmetic mean of
the before and after measurements must be
used to represent the acoustical sensitivity
level of the measurement system for that
test series. The calibration corrections must
be reported to the FAA and applied to the
measured one-third octave band sound pres-
sure levels determined from the output of
the analyzer.

A36.3.9.9 Each recording medium, such as
a reel, cartridge, cassette, or diskette, must
carry a sound pressure level calibration of at
least 10 seconds duration at its beginning
and end.

A36.3.9.10 The free-field insertion loss of
the windscreen for each one-third octave
nominal midband frequency from 50 Hz to 10
kHz inclusive must be determined with si-
nusoidal sound signals at the incidence an-
gles determined to be applicable for correc-
tion of directional response effects per sec-
tion A36.3.9.3. The interval between angles
tested must not exceed 30 degrees. For a
windscreen that is undamaged and
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uncontaminated, the insertion loss may be
taken from manufacturer’s data. Alter-
natively, within six months of each test se-
ries the insertion loss of the windscreen may
be determined by a method traceable to the
U.S. National Institute of Standards and
Technology or an equivalent national stand-
ards laboratory as determined by the FAA.
Changes in the insertion loss from the pre-
vious calibration at each one-third-octave
frequency band must not exceed 0.4 dB. The
correction for the free-field insertion loss of
the windscreen must be reported to the FAA
and applied to the measured one-third octave
sound pressure levels determined from the
output of the analyzer.

A36.3.10 Adjustments for ambient noise.

A36.3.10.1 Ambient noise, including both
an acoustical background and electrical
noise of the measurement system, must be
recorded for at least 10 seconds at the meas-
urement points with the system gain set at
the levels used for the aircraft noise meas-
urements. Ambient noise must be represent-
ative of the acoustical background that ex-
ists during the flyover test run. The recorded
aircraft noise data is acceptable only if the
ambient noise levels, when analyzed in the
same way, and quoted in PNL (see A36.4.1.3
(a)), are at least 20 dB below the maximum
PNL of the aircraft.

A36.3.10.2 Aircraft sound pressure levels
within the 10 dB-down points (see A36.4.5.1)
must exceed the mean ambient noise levels
determined in section A36.3.10.1 by at least 3
dB in each one-third octave band, or must be
adjusted using a method approved by the
FAA; one method is described in the current
advisory circular for this part.

Section A36.4 Calculation of Effective
Perceived Noise Level From Measured Data

A36.4.1 General.

A36.4.1.1 The basic element for noise cer-
tification criteria is the noise evaluation
measure known as effective perceived noise
level, EPNL, in units of EPNdB, which is a
single number evaluator of the subjective ef-
fects of airplane noise on human beings.
EPNL consists of instantaneous perceived
noise level, PNL, corrected for spectral
irregularities, and for duration. The spectral
irregularity correction, called ‘‘tone correc-
tion factor”, is made at each time increment
for only the maximum tone.

A36.4.1.2 Three basic physical properties
of sound pressure must be measured: level,
frequency distribution, and time variation.
To determine EPNL, the instantaneous
sound pressure level in each of the 24 one-
third octave bands is required for each 0.5
second increment of time during the airplane
noise measurement.

874



Federal Aviation Administration, DOT

A36.4.1.3 The calculation procedure that
uses physical measurements of noise to de-
rive the EPNL evaluation measure of subjec-
tive response consists of the following five
steps:

(a) The 24 one-third octave bands of sound
pressure level are converted to perceived
noisiness (noy) using the method described
in section A36.4.2.1 (a). The noy values are
combined and then converted to instanta-
neous perceived noise levels, PNL(K).

(b) A tone correction factor C(k) is cal-
culated for each spectrum to account for the
subjective response to the presence of spec-
tral irregularities.

(c) The tone correction factor is added to
the perceived noise level to obtain tone-cor-
rected perceived noise levels PNLT(k), at
each one-half second increment:
PNLT(k)=PNL(k) + C(k)

The instantaneous values of tone-corrected
perceived noise level are derived and the
maximum value, PNLTM, is determined.

(d) A duration correction factor, D, is com-
puted by integration under the curve of tone-
corrected perceived noise level versus time.

(e) Effective perceived noise level, EPNL,
is determined by the algebraic sum of the
maximum tone-corrected perceived mnoise
level and the duration correction factor:

EPNL=PNLTM + D

A36.4.2 Perceived noise level.

A36.4.2.1 Instantaneous perceived noise
levels, PNL(k), must be calculated from in-
stantaneous one-third octave band sound
pressure levels, SPL(, k) as follows:

(a) Step 1: For each one-third octave band
from 50 through 10,000 Hz, convert SPL(i, k)
to perceived noisiness n(i, k), by using the
mathematical formulation of the noy table
given in section A36.4.7.

(b) Step 2: Combine the perceived noisiness
values, n(i, k), determined in step 1 by using
the following formula:

24
N (&) =n(K)+015| Y n (k) |-nk)
i=1
24
=085n(k)+0.15) n(i.k)
i=1
where n(k) is the largest of the 24 values of
n(i, k) and N(k) is the total perceived noisi-
ness.
(c) Step 3: Convert the total perceived
noisiness, N(k), determined in Step 2 into

perceived noise level, PNL(k), using the fol-
lowing formula:

PNL (k) =40.0 + 10 log N (k)
log 2
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NoTE: PNL(k) is plotted in the current ad-
visory circular for this part.

A36.4.3 Correction for spectral irregularities.

A36.4.3.1 Noise having pronounced spec-
tral irregularities (for example, the max-
imum discrete frequency components or
tones) must be adjusted by the correction
factor C(k) calculated as follows:

(a) Step 1: After applying the corrections
specified under section A36.3.9, start with the
sound pressure level in the 80 Hz one-third
octave band (band number 3), calculate the
changes in sound pressure level (or ‘‘slopes’)
in the remainder of the omne-third octave
bands as follows:
$(3,k)=no value
s(4,k)=SPL(4,k)— SPL(3,k)

L]

L]

s(i,k)=SPL(i,k) — SPL(i—1,k)
L]

L]

s(24,k)=SPL(24,k) — SPL(23,k)

(b) Step 2: Encircle the value of the slope,
s(i, k), where the absolute value of the
change in slope is greater than five; that is
where:
|As (i, )|=|s(i, k) —s(i—1,k)|>b

(c) Step 3:

(1) If the encircled value of the slope s(i, k)
is positive and algebraically greater than the
slope s(i—1, k) encircle SPL(, k).

(2) If the encircled value of the slope s(i, k)
is zero or negative and the slope s(i—1, k) is
positive, encircle SPL({—1, k).

(3) For all other cases, no sound pressure
level value is to be encircled.

(d) Step 4: Compute new adjusted sound
pressure levels SPL/(i, k) as follows:

(1) For non-encircled sound pressure levels,
set the new sound pressure levels equal to
the original sound pressure levels, SPL’(i,
k)=SPL(, k).

(2) For encircled sound pressure levels in
bands 1 through 23 inclusive, set the new
sound pressure level equal to the arithmetic
average of the preceding and following sound
pressure levels as shown below:
SPL(i,k)="[SPL(i— 1,k)+SPL(i+1,k)]

(3) If the sound pressure level in the high-
est frequency band (i=24) is encircled, set the
new sound pressure level in that band equal
to:

SPL/(24,k)=SPL(23,k)+s(23,k)

(e) Step 5: Recompute new slope §'(i, k), in-
cluding one for an imaginary 25th band, as
follows:

§'(3,k)=s"(4,k)
s'(4,k)=SPL’(4,k) — SPL'(3,k)
L]

§'(i,k)=SPL/(i,k) - SPL/(i—1,k)
L]

§'(24,k)=SPL/(24,k) — SPL/(23,k)
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8'(25,k)=5"(24,k)

(f) Step 6: For i, from 3 through 23, com-
pute the arithmetic average of the three ad-
jacent slopes as follows:
S(i,k)=Ya[s"(i,k)+8"(i+1,k)+s"(i+2,k)]

(g) Step 7: Compute final one-third octave-
band sound pressure levels, SPL’ (i,k), by be-
ginning with band number 3 and proceeding
to band number 24 as follows:

SPL’(3,k)=SPL(3,k)

SPL/(4,k)=SPL'(3,k)+5(3,k)

L]

SPL/(i,k)=SPL/i—1,k)+51—-1,k)
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L]

L]

SPL/(24,k)=SPL’(23,k)+5(23,k)

(h) Setp 8: Calculate the differences, F
(i,k), between the original sound pressure
level and the final background sound pres-
sure level as follows:

F(i,k)=SPL(i,k)-SPL/(i,k)
and note only values equal to or greater than
1.5.

(i) Step 9: For each of the relevant one-
third octave bands (3 through 24), determine
tone correction factors from the sound pres-
sure level differences F (i, k) and Table A36—
2.
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3I<F<20 F/3
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5000 < f < 10 000 14¥* < F<3 F/3 — %
IKFE<2 F/6
20=<F 3%

* See Step 8, 4.3.1.

Table A36-2. Tone correction factor

(j) Step 10: Designate the largest of the
tone correction factors, determined in Step
9, as C(k). (An example of the tone correction
procedure is given in the current advisory
circular for this part). Tone-corrected per-
ceived noise levels PNLT(k) must be deter-
mined by adding the C(k) values to cor-
responding PNL(k) values, that is:

PNLT(k)=PNL(k)+C(k)

For any i-th one-third octave band, at any k-
th increment of time, for which the tone cor-

rection factor is suspected to result from
something other than (or in addition to) an
actual tone (or any spectral irregularity
other than airplane noise), an additional
analysis may be made using a filter with a
bandwidth narrower than one-third of an oc-
tave. If the narrow band analysis corrobo-
rates these suspicions, then a revised value
for the background sound pressure level
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SPL/(i,k), may be determined from the nar-
row band analysis and used to compute a re-
vised tone correction factor for that par-
ticular one-third octave band. Other methods
of rejecting spurious tone corrections may be
approved.

A36.4.3.2 The tone correction procedure
will underestimate EPNL if an important
tone is of a frequency such that it is re-
corded in two adjacent one-third octave
bands. An applicant must demonstrate that
either:

(a) No important tones are recorded in two
adjacent one-third octave bands; or

(b) That if an important tone has occurred,
the tone correction has been adjusted to the
value it would have had if the tone had been

14 CFR Ch. | (1-1-08 Edition)

recorded fully in a single one-third octave
band.

A36.4.4 Maximum
ceived noise level

A36.4.4.1 The maximum tone-corrected
perceived noise level, PNLTM, must be the
maximum calculated value of the tone-cor-
rected perceived noise level PNLT(k). It
must be calculated using the procedure of
section A36.4.3. To obtain a satisfactory
noise time history, measurements must be
made at 0.5 second time intervals.

NOTE 1: Figure A36-2 is an example of a fly-
over noise time history where the maximum
value is clearly indicated.

NOTE 2: In the absence of a tone correction
factor, PNLTM would equal PNLM.

tone-corrected per-

PNLTM L
@ A
=
(=
5
=
% PNLT(K) I
3 h
2
8 fe—at
g
2 1
g
3
2
2 d N

t(1) 1(2)

Flyover time t, seconds

Figure A36-2. Example of perceived noise level corrected for tones
as a function of aircraft flyover time

A36.4.4.2 After the value of PNLTM is ob-
tained, the frequency band for the largest
tone correction factor is identified for the
two preceding and two succeeding 500 ms
data samples. This is performed in order to
identity the possibility of tone suppression
at PNLTM by one-third octave band sharing
of that tone. If the value of the tone correc-
tion factor C(k) for PNLTM is less than the

average value of C(k) for the five consecutive
time intervals, the average value of C(k)
must be used to compute a new value for
PNLTM.

A36.4.5 Duration correction.

A36.4.5.1 The duration correction factor D
determined by the integration technique is
defined by the expression:
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(2)
D =10 log (—j Jantilog%dt —PNLTM

(1)

where T is a normalizing time constant,
PNLTM is the maximum value of PNLT,
t(1) is the first point of time after which
PNLT becomes greater than PNLTM-10,
and t(2) is the point of time after which
PNLT remains constantly less than
PNLTM-10.

1 d/At
D=10log (¥)2At.antilog

k=0

where At is the length of the equal incre-
ments of time for which PNLT(k) is cal-
culated and d is the time interval to the
nearest 0.5s during which PNLT(k) remains
greater or equal to PNLTM-10.

A36.4.5.3 To obtain a satisfactory history
of the perceived noise level use one of the
following:

(a) Half-Second time intervals for At; or

zd PNL

D=101log Zantilog
k=0

where d is the duration time defined by the
points corresponding to the values

PNLTM-10.

A36.4.5.5 If in using the procedures given
in section A36.4.5.2, the limits of PNLTM-10
fall between the calculated PNLT(k) values
(the usual case), the PNLT(k) values defining
the limits of the duration interval must be
chosen from the PNLT(k) values closest to
PNLTM-10. For those cases with more than
one peak value of PNLT(k), the applicable
limits must be chosen to yield the largest
possible value for the duration time.

A36.4.6 Effective perceived noise level.

The total subjective effect of an airplane
noise event, designated effective perceived
noise level, EPNL, is equal to the algebraic
sum of the maximum value of the tone-cor-
rected perceived noise level, PNLTM, and
the duration correction D. That is:

EPNL=PNLTM+D

A36.4.5.2 Since PNLT is calculated from
measured values of sound pressure level
(SPL), there is no obvious equation for
PNLT as a function of time. Consequently,
the equation is to be rewritten with a sum-
mation sign instead of an integral sign as
follows:

(b) A shorter time interval with approved
limits and constants.

A36.4.5.4 The following values for T and At
must be used in calculating D in the equa-
tion given in section A36.4.5.2:

T=10 s, and

At=0.5s (or the approved sampling time inter-
val).

Using these values, the equation for D be-

comes:

T(k) —PNLTM -13

where PNLTM and D are calculated using
the procedures given in sections A36.4.2,

A36.4.3, A36.4.4. and A36.4.5.

A36.4.T Mathematical formulation of noy ta-
bles.

A36.4.7.1 The relationship between sound
pressure level (SPL) and the logarithm of
perceived noisiness is illustrated in Figure
A36-3 and Table A36-3.

A36.4.7.2 The bases of the mathematical
formulation are:

(a) The slopes (M(b), M(c), M(d) and M(e))
of the straight lines;

(b) The intercepts (SPL(b) and SPL(c)) of
the lines on the SPL axis; and

(c) The coordinates of the discontinuities,
SPL(a) and log n(a); SPL(d) and log n=-1.0;
and SPL(e) and log n=log (0.3).

A36.4.7.3 Calculate noy values using the
following equations:

(a)

SPL > SPL (a)
n=antilog {(¢c)[SPL—-SPL(c)]}
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(b) (@

SPL(b) < SPL < SPL(a) SPL(d) < SPL < SPL(e)
n=antilog {M(b)[SPL— SPL(b)]} n=0.1 antilog {M(d)[SPL - SPL(d)]}
©) A36.4.7.4 Table A36-3 lists the values of

the constants necessary to calculate per-

SPL(e) < SPL < SPL(b) ceived noisiness as a function of sound pres-
n=0.3 antilog {M(e)[SPL—-SPL(e)]} sure level.

SPL(a), fog n (a)

Sound pressure level SPL

Logarithm perceived noisiness, log n

Figure A36-3. Perceived noisiness as a
function of sound pressure level
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BAND f SPL SPL SPL SPL SPL

@ HZ (o) ®) © @ G] M) M(c) M(d) M(e)
1 50 91.0 64 52 49 55 0.043478 0.030103 0.079520 0.058098
2 63 859 60 51 4 51 0.040570 ] 0.068160 ”
3 80 87.3 56 49 39 46 0.036831 ” 0.052288
4 100 799 53 47 34 42 ” 0.059640 0.047534
5 125 79.8 51 46 30 39 0.035336 0.053013 0.043573
6 160 76.0 48 45 27 36 0.033333 A ”
7 200 740 46 43 24 03B ” 0.040221
8 250 749 4 42 21 30 0.032051 Y 0.037349
9 315 94.6 42 41 18 27 0.030675 0.030103 0.03‘1859
10 400 T 40 40 16 25 0.030103

11 500 40 40 16 25

12 630 40 40 16 25

13 800 40 40 16 25 E‘l Y

14 1000 40 40 16 25 2 ) 0.053013 Y

15 1250 38 38 15 23 0.030103 8 0.059640 0.034859

16 1600 4 34 12 21 0.0299%0 & 0.053013  0.040221

17 2000 32 32 9 18 : ” 0.037349
18 2 500 30 30 5 15 % 0.047712 0.034859
19 3150 29 29 4 14 ”

20 4 000 29 29 5 14 0.053013

21 5 000 Y 30 30 6 15 » 0.034859

22 6300 31 31 10 17 0.029960 0.068160 0.037349

23 8000 443 37 34 17 23 0042285 002990  0.079520 »

24 10000 50.7 41 37 21 29 ” » 0.059640 0.043573

Table A36-3. Constants for mathematically formulated noy values
Section A36.5 Reporting of Data to the FAA A36.5.2.1 The applicant must present

A36.5.1 General.

A36.5.1.1 Data representing physical
measurements and data used to make correc-
tions to physical measurements must be re-
corded in an approved permanent form and
appended to the record.

A36.5.1.2 All corrections must be reported
to and approved by the FAA, including cor-
rections to measurements for equipment re-
sponse deviations.

A36.5.1.3 Applicants may be required to
submit estimates of the individual errors in-
herent in each of the operations employed in
obtaining the final data.

A36.5.2 Data reporting.

An applicant is required to submit a noise
certification compliance report that includes
the following.

measured and corrected sound pressure lev-
els in one-third octave band levels that are
obtained with equipment conforming to the
standards described in section A36.3 of this
appendix.

A36.5.2.2 The applicant must report the
make and model of equipment used for meas-
urement and analysis of all acoustic per-
formance and meteorological data.

A36.5.2.3 The applicant must report the
following atmospheric environmental data,
as measured immediately before, after, or
during each test at the observation points
prescribed in section A36.2 of this appendix.

(a) Air temperature and relative humidity;

(b) Maximum, minimum and average wind
velocities; and

(c) Atmospheric pressure.
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A36.5.2.4 The applicant must report condi-
tions of local topography, ground cover, and
events that might interfere with sound re-
cordings.

A36.5.2.5 The applicant must report the
following:

(a) Type, model and serial numbers (if any)
of airplane, engine(s), or propeller(s) (as ap-
plicable);

(b) Gross dimensions of airplane and loca-
tion of engines;

(c) Airplane gross weight for each test run
and center of gravity range for each series of
test runs;

(d) Airplane configuration such as flap, air-
brakes and landing gear positions for each
test run;

(e) Whether auxiliary power units (APU),
when fitted, are operating for each test run;

(f) Status of pneumatic engine bleeds and
engine power take-offs for each test run;

(g) Indicated airspeed in knots or Kkilo-
meters per hour for each test run;

(h) Engine performance data:

(1) For jet airplanes: engine performance in
terms of net thrust, engine pressure ratios,
jet exhaust temperatures and fan or com-
pressor shaft rotational speeds as determined
from airplane instruments and manufactur-
er’s data for each test run;

(2) For propeller-driven airplanes: engine
performance in terms of brake horsepower
and residual thrust; or equivalent shaft
horsepower; or engine torque and propeller
rotational speed; as determined from air-
plane instruments and manufacturer’s data
for each test run;

(i) Airplane flight path and ground speed
during each test run; and

(j) The applicant must report whether the
airplane has any modifications or non-stand-
ard equipment likely to affect the mnoise
characteristics of the airplane. The FAA
must approve any such modifications or non-
standard equipment.

A36.5.3 Reporting of moise certification ref-
erence conditions.

A36.5.3.1 Airplane position and perform-
ance data and the noise measurements must
be corrected to the noise certification ref-
erence conditions specified in the relevant
sections of appendix B of this part. The ap-
plicant must report these conditions, includ-
ing reference parameters, procedures and
configurations.

A36.5.4 Validity of results.

A36.5.4.1 Three average reference EPNL
values and their 90 percent confidence limits
must be produced from the test results and
reported, each such value being the arith-
metical average of the adjusted acoustical
measurements for all valid test runs at each
measurement point (flyover, lateral, or ap-
proach). If more than one acoustic measure-
ment system is used at any single measure-
ment location, the resulting data for each
test run must be averaged as a single meas-
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urement. The calculation must be performed
by:

(a) Computing the arithmetic average for
each flight phase using the values from each
microphone point; and

(b) Computing the overall arithmetic aver-
age for each reference condition (flyover, lat-
eral or approach) using the values in para-
graph (a) of this section and the related 90
percent confidence limits.

A36.5.4.2 For each of the three certifi-
cation measuring points, the minimum sam-
ple size is six. The sample size must be large
enough to establish statistically for each of
the three average noise certification levels a
90 percent confidence limit not exceeding
+1.5 EPNdB. No test result may be omitted
from the averaging process unless approved
by the FAA.

NOTE: Permitted methods for calculating
the 90 percent confidence interval are shown
in the current advisory circular for this part.

A36.5.4.3 The average EPNL figures ob-
tained by the process described in section
A36.5.4.1 must be those by which the noise
performance of the airplane is assessed
against the noise certification criteria.

Section A36.6 Nomenclature: Symbols and
Units

Symbol Unit Meaning

antilog ..........
(o (3 SR dB ..o

Antilogarithm to the base 10.

Tone correction factor. The
factor to be added to
PNL(k) to account for the
presence of spectral irreg-
ularities such as tones at
the k-th increment of time.

Duration time. The time inter-
val between the limits of
t(1) and t(2) to the nearest
0.5 second.

Duration correction. The fac-
tor to be added to PNLTM
to account for the duration
of the noise.

Effective perceived noise
level. The value of PNL ad-
justed for both spectral
irregularities and duration of
the noise. (The unit EPNdB
is used instead of the unit
dB).

Effective perceived noise
level adjusted for reference
conditions.

Frequency. The geometrical
mean frequency for the i-th
one-third octave band.
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Symbol Unit Meaning Symbol Unit Meaning

F (i, k) oo dB s Delta-dB. The difference be- PNL(K) ......... PNdB ........... The perceived noise level cal-
tween the original sound culated from the 24 values
pressure level and the final of SPL (i, k), at the k-th in-
background sound pressure crement of time. (The unit
level in the i-th one-third PNdB is used instead of
octave band at the k-th in- the unit dB).
terval of time. In this case, PNLM ........... PNdB ........... Maximum perceived noise
background sound pressure level. The maximum value
level means the broadband of PNL(K). (The unit PNdB
noise level that would be is used instead of the unit
present in the one-third oc- dB).
tave band in the absence of  PNLT .......... TPNGB ......... Tone-corrected perceived
the tone. noise level. The value of

| I dB e dB-down. The value to be PNL adjusted for the spec-
subtracted from PNLTM tral irregularities that occur
that defines the duration of at any instant of time. (The
the noise. unit TPNdB is used instead

Hos Percent ........ Relative humidity. The ambi- of the unit dB).
ent atmospheric relative hu- PNLT(K) ....... TPNdB ......... The tone-corrected perceived
midity. noise level that occurs at

T e | e Frequency band index. The the k-th increment of time.
numerical indicator that de- PNLT(k) is obtained by ad-
notes any one of the 24 justing the value of PNL(k)
one-third octave bands with for the spectral irregularities
geometrical mean fre- that occur at the k-th incre-
quencies from 50 to 10,000 ment of time. (The unit
Hz. TPNdB is used instead of

K oereeeeeeeeeeees | oot Time increment index. The the unit dB).
numerical indicator that de- PNLTM ........ TPNdB ......... Maximum tone-corrected per-
notes the number of equal ceived noise level. The
time increments that have maximum value of PNLT(k).
elapsed from a reference (The unit TPNdB is used in-
zero. stead of the unit dB).

| Il R PR, Logarithm to the base 10. PNLT; .......... TPNdB ......... Tone-corrected perceived

109 N(@) wvovere | o Noy discontinuity coordinate. noise level adjusted for ref-
The log n value of the inter- erence conditions.
section point of the straight s (i, k) Slope of sound pressure
lines representing the vari- level. The change in level
ation of SPL with log n. between adjacent one-third

M(b), M(C), | oo Noy inverse slope. The recip- octave band sound pres-

etc. rocals of the slopes of sure levels at the i-th band
straight lines representing for the k-th instant of time.
the variation of SPL with As (i, K) oo dB s Change in slope of sound
log n. pressure level.

N e NOY ..vevveennee The perceived noisiness at s (i, K) e dB s Adjusted slope of sound pres-
any instant of time that oc- sure level. The change in
curs in a specified fre- level between adjacent ad-
quency range. justed one-third octave

NGLK) s NOY .ooovveens The perceived noisiness at band sound pressure levels
the k-th instant of time that at the i-th band for the k-th
occurs in the i-th one-third instant of time.
octave band. S (i, K) e dB . Average slope of sound pres-

N(K) o NOY woveevereeans Maximum perceived noisi- sure level.
ness. The maximum value SPL oo dBre ... Sound pressure level. The
of all of the 24 values of 20 pPa sound pressure level that
n(i) that occurs at the k-th occurs in a specified fre-
instant of time. quency range at any instant

N3 NOY wveevreians Total perceived noisiness. of time.

The total perceived noisi- SPL(Q) .ccoenen dBre ... Noy discontinuity coordinate.
ness at the k-th instant of 20 pPa The SPL value of the inter-
time calculated from the 24- section point of the straight
instantaneous values of n lines representing the vari-
(i, k). ation of SPL with log n.

p(b), p(c), etc | .o Noy slope. The slopes of SPL(b) ......... dBre ....... Noy intercept. The intercepts
straight lines representing SPL (c) 20 pPa on the SPL-axis of the
the variation of SPL with straight lines representing
log n. the variation of SPL with

PNL oo PNdB ........... The perceived noise level at log n.
any instant of time. (The SPL (i, k) ..... dBre ....... The sound pressure level at
unit PNdB is used instead 20 puPa the k-th instant of time that

of the unit dB).
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Symbol Unit Meaning Unit Meaning
SPL’ (i, k) ....| dBre ... Adjusted sound pressure Degrees ....... Reference approach angle.
20 puPa level. The first approxima- Degrees ....... Noise angle (relative to flight
tion to background sound ﬁ]atl;{. Ehe arrlgle é)etween
pressure level in the i-th the flight path and noise
one-third octave band for path. It is identical for both
the k-th instant of time. measured and corrected
SPL(i) wevenen dBre ... Maximum sound pressure flight paths.
20 puPa level. The sound pressure Degrees ....... Noise angle (relative to
level that occurs in the i-th ground). The angle be-
one-third octave band of tween the noise path and
the spectrum for PNLTM. the ground. It is identical for
ST () PR dBre ... Corrected maximum sound both measured and cor-
20 pPa pressure level. The sound rected flight paths.
pressure level that occurs [ TR Engine noise emission pa-
in the i-th one-third octave rameter.
band of the spectrum for [ PR . Reference engine noise emis-
PNLTM corrected for at- sion parameter.
mospheric sound absorp- At s EPNdB ........ PNLT correction. The correc-
tion. tion to be added to the
SPL’ (i, k) .... |dBre .......... Final background sound pres- EPNL calculated from
20 puPa sure level. The second and measured data to account
final approximation to back- for noise level changes due
ground sound pressure to differences in atmos-
level in the i-th one-third pheric absorption and noise
octave band for the k-th in- path length between ref-
stant of time. erence and test conditions.
| S [ Elapsed time. The length of Ar ... EPNdB . Adjustment to duration correc-
time measured from a ref- tion. The adjustment to be
erence zero. made to the EPNL cal-
(1), t(2) ........ [ Time limit. The beginning and culated from measured
end, respectively, of the data to account for noise
noise time history defined level cganges ctl)ue to the .
by h. noise duration between ref-
At s [N Time increment. The equal in- erence and test conditions.
crements of time for which Az e EPNdB ........ Source noise adjustment. The
PNL(k) and PNLT(k) are adjustment to be made to
calculated. the EPNL calculated from
T o [ Normalizing time constant. measured data to account
The length of time used as for noise level changes due
a reference in the integra- to differences between ref-
tion method for computing erence and test engine op-
duration corrections, where erating conditions.
T=10s.
t(°F) (°C) ...... °F, °C .o Temperature. The ambient air . . . .
temperature. Section A36.7 Sound Attenuation in Air
ofi) . dB/1000ft db/ | Test atmosphenc_absorpt/on. A36.7.1 The atmospheric attenuation of
100m. The atmospheric attenu- sound must be determined in accordance
ation of sound that occurs ith th | a ted i ti
in the i-th one-third octave wi e procedure presented in section
band at the measured air A36.7.2. . .
temperature and relative A36.7.2 The relationship between sound
humidity. attenuation, frequency, temperature, and
[o7() P dB/1000ft db/ | Reference atmospheric ab- humidity is expressed by the following equa-
100m. sorption. The atmospheric tions.
a“e”“a,“";‘h"f, stg“”d ‘Tﬁ,t | A36.7.2(a) For calculations using the
oceurs n the I-th one-thir English System of Units:
octave band at a reference
air temperature and relative
humidity. . [2.0510g (f0/1000)+6.33><1049—1.45325]
Al s Degrees ....... First constant climb angle 0((1) = 10
(Gear up, speed of at least
Va+10 Kt (V2419 km/h), [1og(fo)+4.6833x1036-2.4215]
takeoff thrust). +1 (8) %10 ’
Ag s Degrees ....... Second constant climb angle
(Gear up, speed of at least and
V2+10 kt (V2+19 km/h),
after cut-back). e~ 2
R Degrees ...... | Thrust cutback angles. The 11010 _ (logH~1.97274664-+2.288074x10~26)
€ angles defining the points 6 = Y~
on the takeoff flight path at \J f(O)
which thrust reduction is
started and ended respec- (—9.589 %1002 +3.0x10~7 93)
tively. x10
L1 [, Degrees ....... Approach angle.
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where

n(d) is listed in Table A36-4 and f, in Table
A36-5;

o(i) is the attenuation coefficient in dB/1000
ft;

o(i)=1
+Mn(8)x10
and
52 1010 l0(1ogH—1.328924+3.179768x10‘29)
Y Jfo

0(—2.173716><10’462 +1.7496x10*6e3)

where

n(d) is listed in Table A36-4 and f, in Table
A36-5;

Pt. 36, App. A

0 is the temperature in °F; and
H is the relative humidity, expressed as a
percentage.
A36.7.2(b) For calculations using the Inter-
national System of Units (SI):

0 [2.05 log (f0/1000)+1.1394><10’36—1.916984]

[1og (fo +8.42994x1070-2.755624

o(i) is the attenuation coefficient in dB/100

m;

0 is the temperature in °C; and
H is the relative humidity, expressed as a
percentage.

A36.7.3 The values listed in table A36-4
are to be used when calculating the equa-
tions listed in section A36.7.2. A term of
quadratic interpolation is to be used where
necessary.

Section A36.8 [Reserved]
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Table A36-4. Values of 1 (d)
5 n(®) 8 n(d)
0.00 0.000 2.50 0.450
0.25 0.315 2.80 0.400
0.50 0.700 3.00 0.370
0.60 0.840 3.30 0.330
0.70 0.930 3.60 0.300
0.80 0.975 4.15 0.260
0.90 0.996 4.45 0.245
1.00 1.000 4.80 0.230
1.10 0.970 5.25 0.220
1.20 0.900 5.70 0.210
1.30 0.840 6.05 0.205
1.50 0.750 6.50 0.200
1.70 0.670 7.00 0.200
2.00 0.570 10.00 0.200
2.30 0.495
Table A36-5. Values of fj
one-third octave fo one-third octave fo
center frequency (Hz) center frequency (Hz)
50 50 800 800
63 63 1000 1000
80 80 1250 1250
100 100 1600 1600
125 125 2000 2000
160 160 2500 2500
200 200 3150 3150
250 250 4000 4000
315 315 5000 4500
400 400 6300 5600
500 500 8000 7100
630 630 10000 9000

Section A36.9 Adjustment of Airplane Flight
Test Results.

A36.9.1 When certification test conditions
are not identical to reference conditions, ap-
propriate adjustments must be made to the
measured noise data using the methods de-
scribed in this section.

A36.9.1.1 Adjustments to the measured
noise values must be made using one of the

methods described in sections A36.9.3 and
A36.9.4 for differences in the following:

(a) Attenuation of the noise along its path
as affected by ‘‘inverse square’’ and atmos-
pheric attenuation

(b) Duration of the noise as affected by the
distance and the speed of the airplane rel-
ative to the measuring point
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(c) Source noise emitted by the engine as
affected by the differences between test and
reference engine operating conditions

(d) Airplane/engine source noise as affected
by differences between test and reference
airspeeds. In addition to the effect on dura-
tion, the effects of airspeed on component
noise sources must be accounted for as fol-
lows: for conventional airplane configura-
tions, when differences between test and ref-
erence airspeeds exceed 15 knots (28 km/h)
true airspeed, test data and/or analysis ap-
proved by the FAA must be used to quantify
the effects of the airspeed adjustment on re-
sulting certification noise levels.

A36.9.1.2 The ‘‘integrated” method of ad-
justment, described in section A36.9.4, must
be used on takeoff or approach under the fol-
lowing conditions:

(a) When the amount of the adjustment
(using the ‘‘simplified”” method) is greater
than 8 dB on flyover, or 4 dB on approach; or

(b) When the resulting final EPNL value on
flyover or approach (using the simplified
method) is within 1 dB of the limiting noise
levels as prescribed in section B36.5 of this
part.

A36.9.2 Flight profiles.

As described below, flight profiles for both
test and reference conditions are defined by
their geometry relative to the ground, to-
gether with the associated airplane speed
relative to the ground, and the associated
engine control parameter(s) used for deter-
mining the noise emission of the airplane.

A36.9.2.1 Takeoff Profile.

NoTE: Figure A36-4 illustrates a typical
takeoff profile.

Pt. 36, App. A

(a) The airplane begins the takeoff roll at
point A, lifts off at point B and begins its
first climb at a constant angle at point C.
Where thrust or power (as appropriate) cut-
back is used, it is started at point D and
completed at point E. From here, the air-
plane begins a second climb at a constant
angle up to point F, the end of the noise cer-
tification takeoff flight path.

(b) Position K, is the takeoff noise meas-
uring station and AK, is the distance from
start of roll to the flyover measuring point.
Position K, is the lateral noise measuring
station, which is located on a line parallel
to, and the specified distance from, the run-
way center line where the noise level during
takeoff is greatest.

(c) The distance AF is the distance over
which the airplane position is measured and
synchronized with the noise measurements,
as required by section A36.2.3.2 of this part.

A36.9.2.2 Approach Profile.

NoOTE: Figure A36-5 illustrates a typical ap-
proach profile.

(a) The airplane begins its noise certifi-
cation approach flight path at point G and
touches down on the runway at point J, at a
distance OJ from the runway threshold.

(b) Position K3 is the approach noise meas-
uring station and K30 is the distance from
the approach noise measurement point to
the runway threshold.

(c) The distance GI is the distance over
which the airplane position is measured and
synchronized with the noise measurements,
as required by section A36.2.3.2 of this part.
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Ky '—M

Specified take-off measurement distance

Measurement made over this range

Figure A36-4. Typical Takeoff profile

<

Approach
measurement distance

Measurement made over this range

Y

Figure A36-5. Typical Approach profile

The airplane reference point for approach
measurements is the instrument landing sys-
tem (ILS) antenna. If no ILS antenna is in-
stalled an alternative reference point must
be approved by the FAA.

A36.9.3 Simplified method of adjustment.

A36.9.3.1 General. As described below, the
simplified adjustment method consists of ap-
plying adjustments (to the EPNL, which is
calculated from the measured data) for the

differences between measured and reference
conditions at the moment of PNLTM.

A36.9.3.2 Adjustments to PNL and PNLT.

(a) The portions of the test flight path and
the reference flight path described below,
and illustrated in Figure A36-6, include the
noise time history that is relevant to the
calculation of flyover and approach EPNL.
In figure A36-6:
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(1) XY represents the portion of the meas-
ured flight path that includes the noise time
history relevant to the calculation of flyover
and approach EPNL; X.Y, represents the cor-
responding portion of the reference flight
path.

Pt. 36, App. A

(2) Q represents the airplane’s position on
the measured flight path at which the noise
was emitted and observed as PNLTM at the
noise measuring station K. Q, is the cor-
responding position on the reference flight
path, and K, the reference measuring station.
QK and QK: are, respectively, the measured

gnt path

X

g B —
“\5““2
,

K,

Figure A36-6. Profile characteristics influencing sound level

and reference noise propagation paths, Q.
being determined from the assumption that
QK and QK; form the same angle 6 with their
respective flight paths.

(b) The portions of the test flight path and
the reference flight path described in para-
graph (b)(1) and (2), and illustrated in Figure
A36-7(a) and (b), include the noise time his-
tory that is relevant to the calculation of
lateral EPNL.

(1) In figure A36-7(a), XY represents the
portion of the measured flight path that in-
cludes the noise time history that is relevant
to the calculation of lateral EPNL; in figure
A36-7(b), XY, represents the corresponding
portion of the reference flight path.

(2) Q represents the airplane position on
the measured flight path at which the noise
was emitted and observed as PNLTM at the

noise measuring station K. Q. is the cor-
responding position on the reference flight
path, and K, the reference measuring station.
QK and QK. are, respectively, the measured
and reference noise propagation paths. In
this case K. is only specified as being on a
particular Lateral line; K, and Q, are there-
fore determined from the assumptions that
QK and QK;:

(i) Form the same angle 6 with their re-
spective flight paths; and

(ii) Form the same angle y with the
ground.

NOTE: For the lateral noise measurement,
sound propagation is affected not only by in-
verse square and atmospheric attenuation,
but also by ground absorption and reflection
effects which depend mainly on the angle .
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reference station

Parallel to the runway centre line

a ~ Measured flight path

b — Reference flight path
Figure A36-7. Lateral measurement - determination of

Measured

- flight path

Q Ground projection
- e e - .

Reference
=== flight path
Y!

Runway centre line

A36.9.3.2.1 The one-third octave band lev-
els SPL(i) comprising PNL (the PNL at the
moment of PNLTM observed at K) must be
adjusted to reference levels SPL(i), as fol-
lows:

A36.9.3.2.1(a) For calculations using the
English System of Units:
SPL(1),=SPL(7)+0.001[ (i) — 0u(i)o]1QK
+0.0010(1)o(QK — Q.K,)
+2010g(QK/Q,K,)

In this expression,

(1) The term 0.001[o(i) — o(i)o]QK is the ad-
justment for the effect of the change in
sound attenuation coefficient, and o(i) and
a(i)o are the coefficients for the test and ref-
erence atmospheric conditions respectively,

determined under section A36.7 of this appen-
dix;

(2) The term 0.0010(1)o(QK — Q:K,) is the ad-
justment for the effect of the change in the
noise path length on the sound attenuation;

(3) The term 20 1og(QK/Q.K;) is the adjust-
ment for the effect of the change in the noise
path length due to the ‘“‘inverse square’’ law;

(4) QK and Q.K; are measured in feet and
o(i) and a(i)o are expressed in dB/1000 ft.

A36.9.3.2.1(b) For calculations using the
International System of Units:
SPL(1),=SPL(1)+0.01[ou(i) — ou(1)]QK
+0.01a(i)o (QK — Q:K))
+20 1og(QK/Q.K:)

In this expression,
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(1) The term 0.01[o(i) — a(i)0]QK is the ad-
justment for the effect of the change in
sound attenuation coefficient, and o(i) and
a(i)o are the coefficients for the test and ref-
erence atmospheric conditions respectively,
determined under section A36.7 of this appen-
dix;

(2) The term 0.01o(i)o(QK — Q:K.) is the ad-
justment for the effect of the change in the
noise path length on the sound attenuation;

(3) The term 20 1og(QK/Q.K;) is the adjust-
ment for the effect of the change in the noise
path length due to the inverse square law;

(4) QK and Q.K; are measured in meters and
o(i) and a(i)o are expressed in dB/100 m.

A36.9.3.2.1.1 PNLT Correction.

(a) Convert the corrected values, SPL(®),,
to PNLT,;

(b) Calculate the correction term A, using
the following equation:

A=PNLT, — PNLTM

A36.9.3.2.1.2 Add A, arithmetically to the
EPNL calculated from the measured data.

A36.9.3.2.2 If, during a test flight, several
peak values of PNLT that are within 2 dB of
PNLTM are observed, the procedure defined
in section A36.9.3.2.1 must be applied at each
peak, and the adjustment term, calculated
according to section A36.9.3.2.1, must be
added to each peak to give corresponding ad-
justed peak values of PNLT. If these peak
values exceed the value at the moment of
PNLTM, the maximum value of such exceed-
ance must be added as a further adjustment
to the EPNL calculated from the measured
data.

A36.9.3.3 Adjustments to duration correction.

Pt. 36, App. A

A36.9.3.3.1 Whenever the measured flight
paths and/or the ground velocities of the test
conditions differ from the reference flight
paths and/or the ground velocities of the ref-
erence conditions, duration adjustments
must be applied to the EPNL values cal-
culated from the measured data. The adjust-
ments must be calculated as described below.

A36.9.3.3.2 For the flight path shown in
Figure A36-6, the adjustment term is cal-
culated as follows:

A>=—"17.5 10g(QK/Q:K»+10 1og(V/Vy)

(a) Add A, arithmetically to the EPNL cal-
culated from the measured data.

A36.9.3.4 Source noise adjustments.

A36.9.3.4.1 To account for differences be-
tween the parameters affecting engine noise
as measured in the certification flight tests,
and those calculated or specified in the ref-
erence conditions, the source noise adjust-
ment must be calculated and applied. The
adjustment is determined from the manufac-
turer’s data approved by the FAA. Typical
data used for this adjustment are illustrated
in Figure A36-8 that shows a curve of EPNL
versus the engine control parameter p, with
the EPNL data being corrected to all the
other relevant reference conditions (airplane
mass, speed and altitude, air temperature)
and for the difference in noise between the
test engine and the average engine (as de-
fined in section B36.7(b)(7)). A sufficient
number of data points over a range of values
of u, is required to calculate the source noise
adjustments for lateral, flyover and ap-
proach noise measurements.

A Curve corrected to all other

relevant reference conditions
EPNL

Test

Reference

A;

Engine control

-4 --

P

Figure A36-8. Noise thrust correction

> parameter

A36.9.3.4.2 Calculate adjustment term As;
by subtracting the EPNL value cor-

responding to the parameter u from the
EPNL value corresponding to the parameter
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W Add Az arithmetically to the EPNL value
calculated from the measured data.

A36.9.3.6 Symmetry adjustments.

A36.9.3.5.1 A symmetry adjustment to
each lateral noise value (determined at the
section B36.4(b) measurement points), is to
be made as follows:

(a) If the symmetrical measurement point
is opposite the point where the highest noise
level is obtained on the main lateral meas-
urement line, the certification noise level is
the arithmetic mean of the noise levels

14 CFR Ch. | (1-1-08 Edition)

measured at these two points (see Figure
A36-9(a));

(b) If the condition described in paragraph
(a) of this section is not met, then it is as-
sumed that the variation of noise with the
altitude of the airplane is the same on both
sides; there is a constant difference between
the lines of noise versus altitude on both
sides (see figure A36-9(b)). The certification
noise level is the maximum value of the
mean between these lines.

a)
A
PNLT [ Q
|
---------- *
]
/‘T\\
I
!
: Aeroplane
1 altitude
Figure A36-9.

Symmetry correction

PNLT

I
'
]
! [
' 1 Aeroplane
: : altitude

>

A36.9.4 Integrated method of adjustment

A36.9.4.1 General. As described in this sec-
tion, the integrated adjustment method con-
sists of recomputing under reference condi-
tions points on the PNLT time history cor-
responding to measured points obtained dur-
ing the tests, and computing EPNL directly
for the new time history obtained in this

way. The main principles are described in
sections A36.9.4.2 through A36.9.4.4.1.

A36.9.4.2 PNLT computations.

(a) The portions of the test flight path and
the reference flight path described in para-
graph (a)(1) and (2), and illustrated in Figure
A36-10, include the noise time history that is
relevant to the calculation of flyover and ap-
proach EPNL. In figure A36-10:
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Y, Reference
flight path

Test
flight path

Y

method of adjustment

Figure A36-10. Correspondence between measured and
reference flight paths for the application of the integrated

(1) XY represents the portion of the meas-
ured flight path that includes the noise time
history relevant to the calculation of flyover
and approach EPNL; X.Y, represents the cor-
responding reference flight path.

(2) The points Qo, Qi, Q. represent airplane
positions on the measured flight path at
time to, t; and t, respectively. Point Q; is the
point at which the noise was emitted and ob-
served as one-third octave values SPL(i), at
the noise measuring station K at time t;.
Point Q.1 represents the corresponding posi-
tion on the reference flight path for noise ob-
served as SPL(i); at the reference measuring
station K, at time t,;. QK and Q.K, are re-
spectively the measured and reference noise
propagation paths, which in each case form
the angle 6, with their respective flight
paths. Qo and Q. are similarly the points on
the reference flight path corresponding to Qo
and Q, on the measured flight path. Q) and Q,
are chosen so that between Qo and Q. all
values of PNLT, (computed as described in
paragraphs A36.9.4.2.2 and A36.9.4.2.3) within
10 dB of the peak value are included.

(b) The portions of the test flight path and
the reference flight path described in para-

graph (b)(1) and (2), and illustrated in Figure
A36-11(a) and (b), include the noise time his-
tory that is relevant to the calculation of
lateral EPNL.

(1) In figure A36-11(a) XY represents the
portion of the measured flight path that in-
cludes the noise time history that is relevant
to the calculation of lateral EPNL; in figure
A36-11(b), X,Y, represents the corresponding
portion of the reference flight path.

(2) The points Qo, Q; and Q, represent air-
plane positions on the measured flight path
at time to, t; and t, respectively. Point Q, is
the point at which the noise was emitted and
observed as one-third octave values SPL(i);
at the noise measuring station K at time t;.
The point Q,; represents the corresponding
position on the reference flight path for
noise observed as SPL(i); at the measuring
station K, at time t,;. QK and QK. are re-
spectively the measured and reference noise
propagation paths. Qo and Q,, are similarly
the points on the reference flight path cor-
responding to Qo and @, on the measured
flight path.
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[/ @, MEASURED FLIGHT PATH

PROJECTION OF FLIGHT
PATH ON GROUND PLANE

9,

Figure A36-11(a). Measured flight path

Qlll Y,
A7, REFERENCE FLIGHT PATH

RUNWAY CENTRE LINE

K PARALLEL TO THE RUNWAY CENTRE
LINE AT SPECIFIED DISTANCE

Figure A36-11(b). Reference flight path

Qo and Q. are chosen to that between Q,, A36.9.4.2.3) within 10 dB of the peak value are
and Qm, all values of PNLT, (computed as de- included. In this case K, is only specified as
scribed in paragraphs A36.9.4.2.2 and
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being on a particular lateral line. The posi-
tion of K, and Q, are determined from the
following requirements.

(i) QK and Q. K, form the same angle 6,
with their respective flight paths; and

(ii) The differences between the angles ;
and ,; must be minimized using a method, ap-
proved by the FAA. The differences between
the angles are minimized since, for geometri-
cal reasons, it is generally not possible to
choose K, so that the condition described in
paragraph A36.9.4.2(b)(2)(i) is met while at
the same time keeping ; and ,; equal.

NOTE: For the lateral noise measurement,
sound propagation is affected not only by
“inverse square” and atmospheric attenu-
ation, but also by ground absorption and re-
flection effects which depend mainly on the
angle.

A36.9.4.2.1 In paragraphs A36.9.4.2(a)(2)
and (b)(2) the time t,; is later (for QuK, >
Q1K) than t, by two separate amounts:

(1) The time taken for the airplane to trav-
el the distance Q,1Q.0 at a speed V, less the
time taken for it to travel Q:Qo at V;

(2) The time taken for sound to travel the
distance QnK—Q:K.

NoTE: For the flight paths described in
paragraphs A36.9.4.2(a) and (b), the use of
thrust or power cut-back will result in test
and reference flight paths at full thrust or
power and at cut-back thrust or power.
Where the transient region between these
thrust or power levels affects the final re-
sult, an interpolation must be made between
them by an approved method such as that
given in the current advisory circular for
this part.

A36.9.4.2.2 The measured values of SPL(i);
must be adjusted to the reference values
SPL(), to account for the differences be-
tween measured and reference noise path
lengths and between measured and reference
atmospheric conditions, using the methods
of section A36.9.3.2.1 of this appendix. A cor-
responding value of PNL,; must be computed
according to the method in section A36.4.2.
Values of PNL, must be computed for times
to through t,.

A36.9.4.2.3 For each value of PNL,, a tone
correction factor C; must be determined by
analyzing the reference values SPL(i), using
the methods of section A36.4.3 of this appen-
dix, and added to PNL,; to yield PNLT,,.
Using the process described in this para-
graph, values of PNLT, must be computed for
times to through t,.

A36.9.4.3 Duration correction.

A36.9.4.3.1 The values of PNLT, cor-
responding to those of PNLT at each one-
half second interval must be plotted against
time (PNLT,, at time t,,). The duration cor-
rection must then be determined using the
method of section A36.4.5.1 of this appendix,
to yield EPNL,.

A36.9.4.4 Source Noise Adjustment.

Pt. 36, App. A

A36.9.4.4.1 A source noise adjustment, As,
must be determined using the methods of
section A36.9.3.4 of this appendix.

A36.9.5 FLIGHT PATH IDENTIFICATION
POSITIONS

Position Description

Start of Takeoff roll.

Lift-off.

Start of first constant climb.

Start of thrust reduction.

Start of second constant climb.

End of noise certification Takeoff flight path.

Start of noise certification Approach flight path.

Position on Approach path directly above noise
measuring station.

Start of level-off.

Touchdown.

Noise measurement point.

Reference measurement point.

Flyover noise measurement point.

Lateral noise measurement point.

Approach noise measurement point.

End of noise certification Takeoff flight track.

Threshold of Approach end of runway.

Start of noise certification Approach flight track.

Position on measured Takeoff flight path cor-
responding to apparent PNLTM at station K See
section A36.9.3.2.

IOTMMmMOO >
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AXXXXC—
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[ R Position on corrected Takeoff flight path cor-
responding to PNLTM at station K. See section
A36.9.3.2.

V.. Airplane test speed.

Airplane reference speed.

A36.9.6 FLIGHT PATH DISTANCES

Distance Unit Meaning

Feet (meters) | Length of takeoff roll. The distance
along the runway between the
start of takeoff roll and lift off.

Takeoff measurement distance.
The distance from the start of
roll to the takeoff noise measure-
ment station along the extended
center line of the runway.

Takeoff flight track distance. The
distance from the start of roll to
the takeoff flight track position
along the extended center line of
the runway after which the posi-
tion of the airplane need no
longer be recorded.

Measured noise path. The distance
from the measured airplane po-
sition Q to station K.

Reference noise path. The dis-
tance from the reference air-
plane position Q, to station K.

Airplane approach height. The
height of the airplane above the
approach measuring station.

Approach measurement distance.
The distance from the runway
threshold to the approach meas-
urement station along the ex-
tended center line of the runway.

Feet (meters)

Feet (meters)

Feet (meters)

Feet (meters)

Feet (meters)

Feet (meters)
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A36.9.6 FLIGHT PATH DISTANCES—Continued

Distance Unit Meaning

Feet (meters) | Approach flight track distance. The
distance from the runway thresh-
old to the approach flight track
position along the extended cen-
ter line of the runway after which
the position of the airplane need
no longer be recorded.

[Amdt. 36-54, 67 FR 45212, July 8, 2002; Amdt.
36-24, 67 FR 63195, 63196, Oct. 10, 2002; 68 FR
1512, Jan 10, 2003; Amdt. 36-26, 70 FR 38749,
July 5, 2005]

APPENDIX B TO PART 36—NOISE LEVELS
FOR TRANSPORT CATEGORY AND JET
AIRPLANES UNDER §36.103

Sec.

B36.1
B36.2
B36.3
B36.4
B36.5

Noise Measurement and Evaluation.

Noise Evaluation Metric.

Reference Noise Measurement Points.

Test Noise Measurement Points.

Mazximum Noise Levels.

B36.6 Trade-Offs.

B36.7 Noise Certification Reference Procedures
and Conditions.

B36.8 Noise Certification Test Procedures.

Section B36.1 Noise measurement and
evaluation

(a) The procedures of Appendix A of this
part, or approved equivalent procedures,
must be used to determine noise levels of an
airplane. These noise levels must be used to
show compliance with the requirements of
this appendix.

(b) For Stage 4 airplanes, an acceptable al-
ternative for noise measurement and evalua-
tion is Appendix 2 to the International Civil
Aviation Organization (ICAO) Annex 16, En-
vironmental Protection, Volume I, Aircraft
Noise, Third Edition, July 1993, Amendment
7, effective March 21, 2002. [Incorporated by
reference, see §36.6].

Section B36.2 Noise Evaluation Metric

The noise evaluation metric is the effec-
tive perceived mnoise level expressed in
EPNdB, as calculated using the procedures of
appendix A of this part.

Section B36.3 Reference Noise Measurement
Points

When tested using the procedures of this
part, except as provided in section B36.6, an
airplane may not exceed the noise levels
specified in section B36.5 at the following
points on level terrain:

(a) Lateral full-power reference mnoise
measurement point:

(1) For jet airplanes: The point on a line
parallel to and 1,476 feet (450 m) from the

14 CFR Ch. | (1-1-08 Edition)

runway centerline, or extended centerline,
where the noise level after lift-off is at a
maximum during takeoff. For the purpose of
showing compliance with Stage 1 or Stage 2
noise limits for an airplane powered by more
than three jet engines, the distance from the
runway centerline must be 0.35 nautical
miles (648 m). For jet airplanes, when ap-
proved by the FAA, the maximum lateral
noise at takeoff thrust may be assumed to
occur at the point (or its approved equiva-
lent) along the extended centerline of the
runway where the airplane reaches 985 feet
(300 meters) altitude above ground level. A
height of 1427 feet (435 meters) may be as-
sumed for Stage 1 or Stage 2 four engine air-
planes. The altitude of the airplane as it
passes the noise measurement points must
be within +328 to —164 feet (+100 to —50 me-
ters) of the target altitude. For airplanes
powered by other than jet engines, the alti-
tude for maximum lateral noise must be de-
termined experimentally.

(2) For propeller-driven airplanes: The
point on the extended centerline of the run-
way above which the airplane, at full takeoff
power, reaches a height of 2,133 feet (6560 me-
ters). For tests conducted before August 7,
2002, an applicant may use the measurement
point specified in section B36.3(a)(1) as an al-
ternative.

(b) Flyover reference noise measurement
point: The point on the extended centerline
of the runway that is 21,325 feet (6,500 m)
from the start of the takeoff roll;

(c) Approach reference noise measurement
point: The point on the extended centerline
of the runway that is 6,562 feet (2,000 m) from
the runway threshold. On level ground, this
corresponds to a position that is 394 feet (120
m) vertically below the 3° descent path,
which originates at a point on the runway
984 feet (300 m) beyond the threshold.

Section B36.4 Test noise measurement points.

(a) If the test noise measurement points
are not located at the reference noise meas-
urement points, any corrections for the dif-
ference in position are to be made using the
same adjustment procedures as for the dif-
ferences between test and reference flight
paths.

(b) The applicant must use a sufficient
number of lateral test noise measurement
points to demonstrate to the FAA that the
maximum noise level on the appropriate lat-
eral line has been determined. For jet air-
planes, simultaneous measurements must be
made at one test noise measurement point at
its symmetrical point on the other side of
the runway. Propeller-driven airplanes have
an inherent asymmetry in lateral noise.
Therefore, simultaneous measurements must
be made at each and every test noise meas-
urement point at its symmetrical position
on the opposite side of the runway. The
measurement points are considered to be
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